The aurachins, new quinoline alkaloids, were extracted with acetone from the biomass of the myxobacterium, Stigmatella aurantiaca strain Sg al5 and purified by columnchromatography. The four described aurachins A, B, C and D, were inhibitory for Gram-positive bacteria and a few yeasts and molds. They blocked NADH oxidation in beef heart submitochondrial particles.
Microorganism
The producing organism was Stigmatella aurantiaca strain Sg al5 (=Stamm1 Dawid). It was cultivated in peptone liquid medium as described before (peptone from casein, tryptically digested, Merck, Darmstadt 1 %; MgSO4-7H2O0.1 %; pH 6.8)1}. It also grew well on certain technical substrates0. In modified Zein liquid medium (Zein 1 %; peptone from casein, tryptically digested, Merck, Darmstadt 0.1 %; MgSO4-7H2O0.1 %; pH 7.3) the yield of certain aurachins was 50-100 times higher than in peptone liquid medium.
Production of Aurachins To produce larger amounts of aurachins, strain Sg al5 was grown in volumes up to 320 liters in bioreactors equipped with a circulating pump stirrer system (Giovanola Freres, Monthey, Switzerland). For example 60 liters of modified Zein liquid medium in a type b 50 bioreactor were inoculated with 5 liters of shake cultures grown for 36-48 hours in the same medium. The fermentor was kept at 30°C and agitated at 500-650 rpm. The aeration rate was 0.03-0.048 vol/vol/minute. The pH drifted initially slightly into the acid range and rose then to 8.0. The initial pO2 of about 90% saturation decreased to about 20%after 41 hours and was then maintained for the next 50 hours at this level by periodically increasing the aeration or stirring rate. Under these conditions aurachin C accumulated essentially during the growth phase (up to 4 mg/liter) and disappeared later, while aurachin A was produced essentially in the stationary phase (9 mg/liter). Aurachins B and D were only found in concentrations less than 1 mg/liter. Further studies showed that the proportion of aurachin A and aurachin B concentrations depended on the oxygen supply during fermentation. Under strong oxygen limitation we obtained higher yields of aurachin B and only very small amounts of aurachin A, while the concentrations of aurachins C and D remained more or less constant. crystallized from ether. They were soluble in methanol, acetone, ethyl acetate and chloroform, sparingly soluble in ether and water, and almost insoluble in hexane. They showed red spots on TLC after spraying with vanillin -sulfuric acid reagent and heating to 120°C. The Rf values of the aurachins A~Dare given in Table 1 . Further physico-chemical properties of the aurachins A~Dare summarized in Table 2 . The IR spectra of the aurachins A~D, measured in KBr with a Perkin-Elmer 297 IR spectrophotometer, are shown in Figs. 2~5. aurantiaca during fermentation. Chromatographic conditions : Column, 25 cm x 4 mm, with Nucleosil RP-18, 5 (xm; solvent: MeOH-H2O gradient from 77% to 92% MeOH with 0.5% acetic acid; flow rate: 2 ml/minute; detector: UV254.
Biological Properties
As can be seen in Tables 3 and 4 , the aurachins A~Dwere active against numerous Gram-positive bacteria and at higher concentrations also weakly against somefungi. In general, the aurachins C and D were more active than the aurachin A or B. Only some coryne-form bacteria were similarly sensitive to aurachin A and aurachin C. The inactivity of aurachin B in the agar-diffusion test may be due to the bad diffusion of this compound. Because of the structural analogy between aurachin C and 2-heptyl-4-hydroxyquinoline-7V-oxide (FIQNO), which is an electron transport inhibitor of the respiratory chain8), we tested the effect of aurachins on NADH oxidation in beef heart sub-mitochondrial particles. The preparation of the sub-mitochondrial particles and the performance of the experiments have been described previously9). For comparison NADH oxidation was also titrated with HQNOand stigmatellin. The results showed that the aurachins A, B, C and D block indeed NADHoxidation (Table 5) . 
a The organisms were tested in standard complex media. b The antibiotics (40^g) were applied on paper discs of 6 mmdiameter.
tr: Trace. The organisms were grown in standard complexmedia. The minimal inhibitory concentrations were determined by the serial dilution assay. Inhibition was only incomplete. Remaining turbidity was up to 25 %.
Discussion
The aurachins are a third group of new antibiotics produced by the myxobacterium, Stigmatella aurantiaca strain Sg al5. The previously described stigmatellin has a chromone structure2-* and the myxalamids are polyene-amide compounds6). The structure elucidation of the aurachins70 , which were discovered by^NMR spectroscopy of cell extracts2) , revealed them to be new quinoline alkaloids. They are structurally related to 3-and 4-oxyquinolines. While aurachin C is related to 2-heptyl-4-hydroxyquinoline-iVoxide (HQNO) from Pseudomonas aeruginosaw , no natural compounds are described, which are related to aurachin A or B. Only the mold product, viridicatinn) contains a 3-hydroxyquinoline system, which originates in vitro and probably also in vivo from cyclopeninn). The time sequence of the appearance of the individual MAR. 1987 aurachins and preliminary experiments with relabeled aurachins suggest that aurachin D is the direct precursor of aurachin C, which is then transformed during fermentation into aurachins B and A. As HQNO,the aurachins A-D appear also to be potent inhibitors of the eukaryotic respiratory chain. The exact mechanism as well as the inhibitory effect on bacteria has, however, still to be determined. Although the three antibiotics of S. aurantiaca are structurally and biosynthetically completely different, they curiously seem to interfere all with eukaryotic respiration.
